The synthesis of materials via self-assembly typically involves the spontaneous and reversible organization of small building blocks for the purpose of creating conglomerate structures over larger length scales. This introductory article describes self-assembly processes on several length scales, from subnanometer up to millimeter scales, and briefly summarizes some of the incredible diversity of materials that exhibit selfassembly. Articles in this issue cover self-assembly using zeolitic structures, organic molecular crystals, block copolymers, surfactants, mesoscale templates, and soluble crystallization additives.
Much of the scientific curiosity that is associated with self-assembly originates from the fact that we-as a human raceembody self-assembled structures over several decades of length scale, with many of these self-assemblies exhibiting intricate, dynamic structural behavior prevalent in biological systems, such as the protein hydrophobic interior. It is thus no surprise that a fundamental understanding of self-assembly promises in turn to explain many "self-assembled" mysteries, among them the origins of life. This is not to mention the technological and scientific applications of self-assembled materials, which provide control of structure and synthesis in a refined manner and at a high resolution that is inaccessible with most any other method. 1 Given the breadth and depth of the elusive and penetrating concepts buried in a complete understanding of self-assembly, it has been impossible to cover everything-or, arguably, even most of the important areas-related to the synthesis of self-assembled materials in this single issue. Yet, as great editors, we have felt privileged to have the opportunity to do the best that we could in assembling this issue of MRS Bulletin dedicated to the theme of materials synthesized via selfassembly. Our particular choice of contributed topics and authors reflects a desire to highlight the synthesis of materials that can be designed by means of selfassembly in several different areas of application. Other methods of and issues in self-assembly have been reviewed in books and articles. [1] [2] [3] [4] We hope that this issue of MRS Bulletin provides a useful introduction to the field of design and synthesis of self-assembled materials, as well as a provoking interdisciplinary perspective that demonstrates similarities between what are conventionally considered to be disparate areas of research. This issue thus speaks to the interdisciplinary nature of materials synthesis via self-assembly, encompassing supramolecular chemistry, biochemistry, biology, mathematics, and physics, and has direct impact on applied sciences such as chemical, electrical, and mechanical engineering and materials science, among other disciplines.
The synthesis of materials via selfassembly involves the spontaneous and reversible organization of small building blocks for the purpose of synthesizing a larger conglomerate structure (Figure 1) . The reversible aspect of the synthesis is critical because it allows the system to correct misassembled building blocks by essentially reverting that portion back to the disassembled state and reassembling. Typical forces that are used for the assembly include hydrogen bonding; van der Waals, electrostatic, capillary, and hydrophobic forces; metal-ligand interactions; and covalent chemical bonds (as during zeolite synthesis, where at high pH these covalent Si-O-Si interactions are reversible). Inherent to this description is a powerful "bottom-up" approach for assembling matter, which is driven at least in part by non-covalent interactions and enables the synthesis of complex architectures with little to no waste. This is in stark contrast to lithography-based methods of materials synthesis, which require removal of material via etching in order to synthesize a desired structure-a "topdown" approach. But another advantage of self-assembly is the minimum length scale that is accessible; this issue covers several self-assembled structures in materials that are less than 1 nm in length.
The article by Ward demonstrates how self-assembly in organic molecular crystals can be used for the separation of small molecules with only a fraction of an angstrom's difference in their kinetic diameters. Bein considers self-assembly in zeolites-crystalline aluminosilicatesand highlights how these can be used as versatile synthetic hosts for confining small molecules, with control of spatial positioning, orientation, and isolation as well as organization of donor-acceptor pairs. Although the inorganic frameworks (treated by Bein) and organic frameworks (Ward) for molecular encapsulation are different, they indeed share many similarities. One of these is the relevant length scale, as shown in Figure 2 .
Encapsulation on a slightly larger length scale dictated by the self-assembly of block copolymers (typically 5 µm-1 µm) is demonstrated for the confinement of nanoparticles by Yoon et al. in this issue, where coassembling high-dielectric-constant materials within block copolymer micro-domains is required for photonic applications.
Cölfen and Yu demonstrate nucleation and growth of inorganic nanoparticles using block copolymers as templates (double hydrophilic block copolymers), as well as other approaches for controlling mineralization that are inspired by biological processes. The Cölfen and Yu article highlights the inspiration for much of selfassembly: biological systems, which are known to exhibit self-organization on several length scales. The parallels between nanoparticle nucleation for photonics (Yoon et al.) and biomineralization (Cölfen and Yu) go beyond length scale, as seen in Figure 2 ; they include the use of biopolymers and surfactants as insoluble matrices for biomineralization (Cölfen and Yu) akin to synthetic opals for photonics applications (Yoon et al.).
New vistas for self-assembly are proposed and demonstrated in the contribution by Boncheva and Whitesides, which addresses length scales of self-assembly too large for molecule synthesis and too small for conventional mechanical manipulation. The physical principles behind the templating strategies described are similar in concept to those discussed by other authors, albeit on larger length scales. Also addressed are methods of positioning and organizing molecules into functional devices for electronics.
In collecting the manuscripts for this issue, we wished to address the following question: is there an added benefit, perhaps even larger than the sum of the parts, for having scientists communicate and cross-fertilize ideas in areas dealing with materials synthesis via self-assembly? The five seemingly unrelated areas highlighted in this issue-self-assembly with zeolitic structures, organic molecular crystals, block copolymers, surfactants, mesoscale templates, and soluble crystallization additives-point to one unified direction. All are limited by what one can synthesize via self-assembly rather than the designs and goals of the scientists who try to create new forms of matter and interfaces. All share similarities of how to confine molecules in materials, as well as how to organize these molecules in a preferred orientation and interfacial structure that can be amplified into larger-scale hierarchical order. They also share future directions: incorporation of chiral information, dynamic self-assembled materials (as opposed to equilibrated static structures), and fabrication of multidimensional and multifunctional materials via self-assembly. Some of these are being demonstrated in model self-assembling systems that have not been reviewed here; notable among these is progress toward functional chiral self-assembling materials and related stereochemically pure structures. [5] [6] [7] [8] Such structures consist of either all righthanded or all left-handed assemblies of molecular components, not a mixture of both. A further open-ended question arising from comparing the five articles is, are self-assembled materials chemical or mechanical in nature? Similar questions have been pondered with enzymes, 9 yet the distinction is not clear, especially considering self-assembly in a dynamical context. It is our hope that the contributions in this issue of MRS Bulletin will serve as a beacon of invitation for scientists to use self-assembly and will inspire those who are unafraid to cross conventional boundaries between disciplines to apply creative solutions and parallels between various knowledge bases in the design and synthesis of new materials. 
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